using different crystal orientations, if results of chemical etching of different low index planes 4 are also observed for photoelectrochemical etching. It is important to note that the very mild electrolytes used in photoelectrochemical etching of GaAs are compatible with virtually all resist or mask materials.
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Mach-Zehnder interferometer with multimode fibers using the double phase-conjugate mirror
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Phase-conjugate mirrors (PCMs) have been shown to be useful as distortion correction devices in configurations where the light beam retraces its path, such as a laser cavity' or a Michelson interferometer arm. 2 3 On the other hand, one-way transmission of 3-D images through multimode fi- bers has not yet been demonstrated using phase conjugation. One-way transmission of uniform phase, or length information, useful for fiber optic sensors based on the MachZehnder interferometer, is generally done with single-mode fibers. 4 Given their relative versatility and ease of alignment, compatibility with other systems, and multichannel carrying capacity, multimode fiber interferometers have a certain advantage over their single-mode counterpart. 5 We have recently 6 ' 7 demonstrated the operation of a unique device based on photorefractive four-wave mixing, the double phase-conjugate mirror (DPCM). Among its many applications, we discussed and demonstrated its ability to clean up spatially a distorted beam and its usefulness in constructing a Sagnac interferometer incorporating multimode fibers. Here we show that this device can be used to convert a modally dispersed light beam due to a single pass through a multimode fiber into an aberration-free beam which carries, however, the uniform phase information of the multimode fiber. Thus it allows for the construction of a Mach-Zehnder interferometer using multimode fibers.
The experimental setup is shown in Fig beams 4 and 1 and thus is not disturbed by these phase changes. 3 A check of the spatial structure of beam 3 revealed that it incorporated virtually all the modal information of beam 4 shown in Fig. 2(a) . This implies that most, if not all, the modes in beam 4 exiting from the fiber donated energy to the single clean oscillation beam 1. This is in contrast to other more tedious methods suggested for multimode fiber interferometry. 8 , 9 We have shown that the DPCM works best when input beams 2 and 4 are not in coherence and can even be taken from separate lasers. 67 Thus beam A can be derived from a remote laser source and beam B from a different local laser. We also point out that, as required in most applications, the reference arm can contain a multimode fiber as well. Reference beam 5 would then be processed in an identical fashion as the signal beam by using either a different region of the same BaTiO 3 crystal or another BaTiO 3 crystal. This is shown schematically in Fig. 3(a) . Here the desired fringe output appears at both sides of the interferometer at screens S,, and S 2 .
Photorefractive two-wave mixing can also be used to clean up a distorted beam' 0 and in principle will allow interferometry with multimode fibers, as shown in Fig. 3(b) . Here a small amount (beams 1' and 2') of the distorted signal and reference beams emerging from multimode fibers (beams 1 and 2, respectively) are spatilly filtered (SF) and then amplified through two-wave mixing energy transfer from the rest of their respective beams. This will result in the emergence of clean signal and reference beams which contain the uniform phase information of their respective arms. Here, as opposed to the DPCM design, only one laser input to the interferometer is needed. However, it requires spatial filtering as well as coherence between beam pairs (1,1') and (2,2').
In earlier works we described the operation of a Michelson interferometer using the semilinear passive PCM (PPCM) 3 and two types of Sagnac interferometer using either the ring PPCM11 or DPCM, 6 all with multimode fibers. This work supplements our description of these devices with a realization of a multimode fiber Mach-Zehnder interferometer. Fabry-Perot interferometer spectrometers are among the most sensitive high spectral resolution instruments used in infrared astronomy today."1 2 They are used to study atomic and molecular lines in planetary atmospheres, interstellar clouds, and stars. Fabry-Perot spectrometers have the advantage that they achieve high resolution by producing a transmission fringe which is extremely narrow in spectral bandwidth. Radiation outside the transmission fringe is rejected and does not contribute noise to the spectrum. A cryogenically cooled Fabry-Perot spectrometer reduces the radiant background to the point where it is possible to operate near the sensitivity limits of the detector and preamplifier. Although the Fabry-Perot spectrometer covers only limited regions of the spectrum in a given observation, single molecular or atomic lines can be studied with maximum signal-to-noise. An additional advantage of the FabryPerot is that it is nondispersive, so that the source can be imaged in two dimensions in the focal plane. A detector array can therefore be used to produce spatial maps of all source points simultaneously.
Fabry-Perot spectrometers work by making use of the high finess (ratio between fringe separation and fringe width) and high throughput efficiency available with etalons made from modern infrared materials and dielectric reflection coatings. 3 A low resolution filter or grating selects one fringe of the etalon and radiation transmitted by this fringe is focused at the detector. To produce a spectrum, the spectrometer is scanned by either tilting the etalon or by changing the etalon plate separation. The time required to scan a region is T = tN, where t is the integration time per resolution element and N is the number of resolution elements (fringe widths) being scanned.
The primary disadvantages of Fabry-Perot spectrometers is that only one spectral element is accessed at a given time.
Therefore a large fraction of the radiation from the telescope is rejected by the etalon, and flux containing useful information is wasted. A spectrometer scanning N resolution elements uses only a fraction of 1/N of the flux which could contribute to the spectrum. If a technique were devised which would allow the rejected radiation to be used the instrument sensitivity would be improved. 4 We have developed a design which makes use of the radiation normally rejected in a Fabry-Perot spectrometer. Mirror M3 reimages the foci back at M2, forming a series of evenly spaced foci (solid dots). Each shift in position atM2 corresponds to a change in incident angle at the etalon, so that the transmitted spectral element is shifted in wavelength. The pattern at M2 is imaged at the focal plane, where a detector array can be used to observe the multiple spectral elements simultaneously.
